Two hydrothermal fields, the Kairei and Edmond hydrothermal fields, are known in the southern Central Indian Ridge (CIR). The Kairei hydrothermal field at 25 19 0 S is associated with hydrogen-rich hydrothermal activity, whereas the Edmond hydrothermal field at 23 52 0 S is recognized in the typical mid-ocean ridge type hydrothermal activity. Differences of lithology and geological background between two hydrothermal fields are reflected in the different type of hydrothermal activity. We recovered more than 870 kg of rock samples by dredging from the southern part of the CIR adjacent to the Kairei and Edmond hydrothermal fields during the KH-10-6 cruise. Here, we present new petrological and geochemical data for MORB samples taken between the CIR-S1 and CIR-S4 segments with the aim of constraining distributions of lithology at the southern CIR, and discuss the petrogenesis and the mantle source for these basalts. The MORB melts that formed rocks within the CIR-S1, CIR-S2, and CIR-S4 segments equilibrated with mantle olivine at approximately 10 kbar, and were erupted after undergoing only minor fractionation. MORB samples from the CIR-S4 segment have slightly depleted trace element compositions, whereas MORB samples from the off-ridge part of the CIR-S1 segment are highly depleted. MORB samples from the Knorr seamount have enriched compositions involved a minor amount of hotspot-derived material, as indicated by previous isotope analyses. The presence of a depleted MORB source beneath the off-ridge section of the CIR-S1 segment indicates that the older mantle material at the boundary between the
Introduction
The Indian Ocean hydrothermal fields provide a unique opportunity to improve our understanding of hydrogen production in mid-ocean ridge (MOR) environments. One of these fields, the Kairei hydrothermal field (KHF) , is located at the northern end of the first segment of the Central Indian Ridge (CIR-S1, as counted from the Rodriguez Triple Junction (RTJ)) and hosts the only known hydrogen-rich hydrothermal activity outside of slow-spreading ridge environments . The KHF was the first hydrothermal field discovered in the Indian Ocean (Gamo et al. 2001) . Recent research by Nakamura et al. (2009) suggested that the high H 2 and Si concentrations within hydrothermal fluids in this field were the result of serpentinization of troctolites at depth, with the derived fluids subsequently undergoing hydrothermal reactions with basaltic wall rocks beneath the KHF. In addition, olivine-rich gabbroic rocks and troctolites, including plagioclase dunites, which are representative of lithologies at deeper parts of the oceanic crust and/or at the crust-mantle boundary, have been recovered from the area around the KHF ). This strongly suggests that these deep-forming rocks are exposed in the area around the KHF.
On the other hand, no evidence of ultramafic exposure is recognized in the typical mid-ocean ridge type Edmond hydrothermal field at 23 52 0 S. Therefore, geological background between the KHF and Edmond hydrothermal field is quite different, and it is estimated that lithology and source mantle compositions along and beneath the southern CIR is heterogeneous. However, petrological and geochemical investigations with systematic sampling have not been performed along the segments of the southern CIR.
Here, we present new petrological and geochemical data for basalts exposed around the KHF with the aim of constraining the distributions of lithology and discuss the characteristics of the source mantle regions for these basalts beneath the southern segments of the CIR. A separate paper in this volume (Okino et al. Chap. 11 ) presents the general geology of four hydrothermal fields along the CIR and discusses the tectonic setting, with a focus on hydrothermal activity in the area.
Geological Background and Previous Studies
Details of the tectonic background of the southern CIR (Okino et al. Chap. 11 ) are summarized here. The CIR is characterized by a narrow axial valley with a slow to intermediate spreading rate (47 mm/year full spreading rate at 25 S) relating to movement of the Somalia and Indian/ Capricorn plates. We follow the nomenclature of Briais (Briais 1995) for ridge segments and use the prefix CIR-Sx in this paper.
More than 870 kg of rock samples were recovered by dredging during the KH-10-6 cruise along the CIR-S1 to CIR-S4 segments of the CIR. Several dives by the submersible Shinkai 6500 were also performed during the YK05-16 cruise (Kumagai et al. 2006 Morishita et al. 2009) , and the compositions of recovered basalt samples are reported in part by Kumagai et al. (Kumagai et al. 2008 ) and Neo (Neo 2011) . Basalt samples from dive sites 6 K#924, 6 K#926, and 6 K#927 are reported and discussed here. In addition, the characteristics of serpentinized peridotites-the dominant lithologies at sites KH-10-6DR19 and KH-10-6DR21-are discussed by Morishita et al. (Chap. 14) .
The petrology and geochemistry of MORB around the RTJ that were recovered during the KH-93-3 cruise are reported and discussed by Nakamura et al. (2006) . In addition, details of the petrology and geochemistry of MORB from the CIR-S1 segment, including off-ridge samples recovered during the KH-10-6 cruise, will be discussed in future. Previous research (e.g., Price et al. 1986 ) has also been undertaken in this area, although no studies involving systematic sampling along the southern part of the CIR have been published to date. The locations of dredge and dive sites in this study are given in Table 13 .1 and shown in Fig. 13 .1, and are described in the following paragraphs.
CIR-S1: Dredge site KH-10-6DR7 is located at the northern part of the CIR-S1 segment, with sites KH-10-6DR6, -DR2, -DR4, -DR3, -DR5, -DR12, -DR11, and -DR10 located to the east of the spreading ridge at the off-ridge area of KH-10-6DR7 along the flow line of plate motion. Basaltic lithologies dominate the rocks recovered from the majority of areas, with serpentinized peridotites recovered from sites KH-10-6DR10, -DR11, and -DR12.
Sites KH-10-6DR20 and -DR21 are located to the west of the CIR-S1 spreading axis at the off-ridge area, and site KH-10-6DR21 is known to contain exposed mantle rocks (Hellebrand et al. 2002) . Sites KH-10-6DR1, -DR8, and -DR9 are located at to the east of the spreading axis at the offridge part of the northern segment. Basalts and dolerites were recovered from site KH-10-6DR8, and basalts, serpentinized peridotites, and gabbros recovered from sites KH-10-6DR1 and -DR9.
CIR-S2: Site KH-10-6DR19 yielded >150 kg of serpentinized peridotites and is located at the southern end of the CIR-S2 segment, herein referred to as the Phoenix Knoll. The dive site 6 K#926 by the submersible Shinkai 6500 is within the western part of the axial valley of the central section of the segment. In addition, two dredges were performed during cruise 93 by the R/V Atlantis II (Legs 5-5 and 6-10) along the southern part of the CIR-S2 segment (Price et al. 1986) , with sites KH-10-6DR17 and -DR18 located within the northern part of the CIR-S2 segment.
Knorr Seamount: The southern end of the CIR-S3 segment hosts a large volcano known as the Knorr Seamount; this volcano is nearly 40 km long by 18 km wide and has a rifted summit that reaches 1,700 m above the rift valley floor. Sites KH-10-6DR15 and -DR16 are located near the summit of the seamount, and dive site 6 K#924 by the Shinkai 6500, is located on the western flank of the seamount. In addition, a single dredge was performed during the CIRCE cruise by the R/V Argo (Engel and Fisher 1969) at the northern flank of the seamount.
CIR-S3: Dive site 6 K#927 by the Shinkai 6500 is located at the center of segment CIR-S3, and the trace element compositions of basalts from this site have previously been reported ). In addition, dive site 6 K#923 by the Shinkai 6500 is located within the northern part of the rift valley of segment CIR-S3, close to the Edmond hydrothermal field, and site KH-10-6DR14 is located at the northern end of segment CIR-S3.
CIR-S4: Site KH-10-6DR13 is located at the southern end of the CIR-S4 segment. 
Petrology and Geochemistry of MORB Along the Southern CIR
Basalts from the southern CIR (CIR-S1 to CIR-S4) are generally plagioclase-olivine phyric to sparsely phyric basalts with glass and/or glassy groundmasses, whereas off-ridge basalts within the CIR-S1 contain significant amounts of olivine phenocrysts with lesser amounts of plagioclase. The major and trace element compositions of these samples were determined by X-ray fluorescence (XRF) and inductively coupled plasma-mass spectrometry (ICP-MS).
Analytical Techniques
The major element compositions of bulk samples were determined using XRF (Rigaku Supermini) housed at Senshu University, Japan. Prior to analysis, samples were Chap. 11). The locations of dredge and rock core sampling undertaken during the KH-93-3 cruise are from Tamaki and Fujimoto (Tamaki and Fujimoto 1995) , and the locations sampled by previous studies (Gale et al. 2013; Price et al. 1986 ) are sourced from the PetDB database (accessed 2013/07/04) dried at 950 C before being melted at 1,200 C in a mixture consisting of 0.9000 g powdered sample and 4.5000 g lithium tetraborate (Li 2 B 4 O 7 ) flux. XRF calibration lines were determined using the approach of Sato (Sato 2010) .
Trace element concentrations within basaltic glass samples were determined using laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS; Agilent 7500S) coupled with a 193 nm ArF excimer MicroLas GeoLas Q-plus laser at Kanazawa University, Japan (Morishita et al. 2005) . Each analysis was performed using a 60 μm spot size, a frequency of 5 Hz, and an energy density of 8 J/cm 2 per pulse. A BCR2G (USGS microanalytical reference material) standard was used as the primary calibration standard, with known concentrations obtained from the GeoReM database (Jochum and Nohl 2008) . Data reduction was performed using 42 Ca as an internal standard, employing CaO contents determined by electron microprobe (EPMA) and the approaches described by Longerich et al. (Longerich et al. 1996) .
Trace element concentrations in crystalline MORB samples were analyzed by ICP-MS (Agilent Technologies Agilent 7500ce) at the Japan Agency for Marine-Earth Science and Technology (JAMSTEC). Prior to analysis, powdered samples were digested with a HClO 4 /HF mixture before undergoing an alkali fusion as outlined in Senda et al. (2014) . After reaching dryness, samples were dissolved in 2 % HNO 3 with a trace amount of HF. In and Bi were added to aliquots of samples as internal standards (Senda et al. 2014) . Oxide and hydroxide interferences were subtracted from Eu and Gd peaks after analysis.
The results of the major and trace element analyses undertaken during this study are given in Suppl. 13.1 and Suppl. 13.2, respectively.
Major Element Chemistry
The Mg# (¼Mg/(Mg + Fe)) values of basalts analyzed during this study range from relatively primitive (Mg# > 65) to relatively evolved (Mg# < 50) compositions ( Fig. 13.2) . The basalts from the off-ridge of CIR-S1 segment have highly primitive compositions (Mg# > 70). Concentrations of TiO 2 , Na 2 O, and K 2 O negatively correlate with Mg# values, whereas Al 2 O 3 concentrations positively correlate with Mg# values. Although variations in each segment could result from the difference of modal compositions of phenocryst in each sample, these trends may represent liquid lines of descent (LLD). Several compositional trends are recognized on Mg# vs. TiO 2 , Na 2 O, and K 2 O diagrams, suggesting that these trends may relate to primary magmas with distinct chemical compositions.
The majority of samples from each dredge have specific major element compositions, indicating that each dredge sampled an individual flow or related flows. The only exceptions are samples from site CIR-S1 and the Knorr Seamount, where dredging appears to have sampled several flows that are exposed at these locations. Some basalt from the Knorr seamount exhibits significant K 2 O enrichment. Because they are enriched only in K in terms of trace element chemistry (see below), the enrichment might result from alteration.
Na8 values, calculated as the Na 2 O content at an MgO value of 8.0 wt%, are indicative of the degree of partial melting (Klein and Langmuir 1987) , where higher Na8 values are indicative of lower average degrees of partial melting, and vice versa. The Na8 values of the majority of basalts from the southern CIR range from 2.5 to 3.0, barring samples from the central CIR-S2 segment and the northern parts of CIR-S3 and CIR-S4, all of which are associated with basalts with Na8 values of <2.5 ( Fig. 13.3 ).
Trace Element Chemistry
Chondrite-normalized rare earth element (REE) and primitive-mantle-normalized trace element variation diagrams for the samples analyzed during this study are shown in Fig. 13 .4. Basalts from CIR-S1, -S2, and -S3 have relatively flat REE patterns that are slightly depleted in the light REE (LREE), and have trace element patterns that are slightly depleted in the highly incompatible elements, yielding patterns similar to N-MORB. Crystalline samples (KH-10-6DR18-001 and -DR18-002) obtained from the northern part of segment CIR-S2 have lower highly incompatible element concentrations than N-MORB. Basalts from the central CIR-S3 segment (samples 6 K#927R01, -02, and -04) contain high concentrations of the REE and have minor negative Eu anomalies, suggesting that these basalts are more evolved than other samples analyzed during this study, and have undergone plagioclase fractionation.
Basalts from the CIR-S4 and the off-ridge sections of CIR-S1 are highly depleted in the LREE and highly incompatible trace elements compared with N-MORB (Workman and Hart 2005) . In comparison, basalts from the Knorr Seamount have flat patterns or are slightly enriched in both the LREE and the highly incompatible elements.
Trace element ratio values (e.g., La/Sm, Zr/Y, and Zr/Nb) are dependent on the degree of partial melting of the mantle and/or the composition of the mantle, and remain relatively constant during fractionation providing that the melts evolved from the same parental magma. Basalts from the CIR have distinct trace element ratios, as exemplified by changes in Zr/Y ratios for basalts from the study area. Basalts from the CIR-S1 segment have Zr/Y ratios of for all other data, including Hedge et al. (1979) , Michard et al. (1986) , Price et al. (1986) , Engel and Fisher (1975) , Engel et al. (1965) , Subbarao et al. (1975) , Jenner and O'Neill (2012) , and Gale et al. (2013) ~3.0-3.5, whereas basalts from CIR-S2 have values of 2.0-2.5 ( Fig. 13.3) , and basalts from CIR-S4 have values around 2.0. In addition, chondrite-normalized La/Sm ratios ((La/Sm) N ) for these basalts range from 0.4 to 0.8 except for higher (>1.0) ratios for basalts from the Knorr Seamount.
The majority of basalts with (La/Sm) N ratios of <0.8 are considered to be D-MORB-type basalts according to the recently proposed classification of Gale et al. (2013) , suggesting that depleted MORB end-members are widespread throughout the southern part of the CIR. sample/chondrite sample/primitive mantle 
Implications for the Source Mantle
Beneath the Southern CIR
Petrogenetic Conditions
The chemical compositions of primary basaltic magmas beneath the CIR were back-calculated from basalt compositions using the olivine maximum fractionation model (e.g., Sato 2004, and references therein) . This model calculates the chemical composition of olivine in equilibrium with the basalt using Fe-Mg and Ni-Mg partitioning between olivine and silicate melts. The calculated olivine composition was then added to the original whole-rock composition at a 1:99 weight ratio, with this calculation repeated until the equilibrium olivine had a NiO composition equivalent to that of mantle olivine. The olivine composition that was calculated in each step was fractionated from an original primary magma to yield the basalt compositions analyzed during this study. The whole-rock composition generated by the same number of calculation steps as the olivine composition in equilibrium with the mantle represents the melt composition that was also equilibrated with mantle olivine (i.e., primary magma); the calculations and assumptions involved in this analysis are as presented by Sato (2004) . This calculation assumes that only olivine was fractionated from magma prior to eruption. If plagioclase was fractionated from these magmas, then this calculation would overestimate the MgO concentration of the primary magma, whereas clinopyroxene fractionation would lead to an underestimation of the MgO concentration of the primary magma. This indicates that the starting composition chosen for this modeling should have only crystallized olivine. Therefore, the MgO concentration of the estimated primary magma would be overestimated for basalts containing olivine and plagioclase phenocrysts, The results of these calculations are listed in Table 13 .2.
The compositions of basalts from CIR-S1 (including off-ridge samples), CIR-S2, and CIR-S4 are equilibrated with mantle olivine without any significant fractionation. In comparison, the volcanic rocks from CIR-S3 and the Knorr Seamount equilibrated with mantle olivine after several steps of fractionation, suggesting that the MORB compositions at CIR-S1, CIR-S2, and CIR-S4 may represent the compositions of primary melts beneath these segments.
Estimated primary magma compositions are plotted in Fig. 13 .5 on an olivine (Ol)-plagioclase (Pl)-quartz (Qz: silica) diagram (Walker et al. 1979 ) overlain with the isobaric liquid compositional trend of lherzolite determined by Hirose and Kushiro (Hirose and Kushiro 1993) . The locations of these primary magmas in the figure represent the pressure (i.e., depth) where melt was fully equilibrated with mantle material or where melt was produced, indicating that off-ridge basalts from CIR-S1 are fully equilibrated with [Price et al., 1986] Primary magma estimated from plagioclase inclusions in CIR-S1 basalt [Humler & Whitechurch, 1988] Walker et al. (1979) , indicating the assumed primary magma for MORB from the southern CIR and isobaric liquid compositional trends for dry peridotites (KLB-1 and HK66) determined by Hirose and Kushiro (1993) . Also shown are MORB compositions collected near the RTJ by Price et al. (1986) and primary magma compositions for MORB from the CIR-S1 segment (Humler and Whitechurch 1988) . S1: CIR-S1, S1o: CIR-S1 off-ridge, S2: CIR-S2, K: Knorr seamount, S3: CIR-S3, S4: CIR-S4 the mantle at slightly greater depths (>10 kbar, equivalent to a depth of 30 km), whereas basalts from other segments are fully equilibrated with the mantle at pressures of <10 kbar.
As discussed above, due to possibility of the overestimation of MgO concentration, the estimated pressure might exhibit upper limit value.
Mantle Source Compositions
Differences in the normalized REE and trace element patterns and trace element ratios of basalts can be explained by either differences in the composition of the source mantle for the basalts or by differences in the degree of partial melting of mantle with a similar composition in all cases. The similarities between the REE and trace element compositions of basalts from CIR-S1 to CIR-S3 indicate that these basalts were most likely all derived from a N-MORB-type mantle source, and any variations in Na8, (La/Sm) N , and Zr/Y values for these basalts probably relate to differences in the degree of partial melting. In comparison, basalts from the CIR-S4 segment are more depleted than those from CIR-S1 to -S3. One explanation of this finding is that these depletions are related to higher degrees of partial melting beneath the CIR-S4. Because basalts from the CIR-S4 have similar Na8, (La/Sm) N , and Zr/Y values to basalts from the CIR-S2 segment, the explanation that these basalts formed at similar degrees of partial melting is dismissed. Rather, the more depleted compositions present in CIR-S4 indicate that these basalts were sourced from a mantle region that was slightly more depleted than the mantle beneath areas CIR-S1 to CIR-S3. Basalts from the off-ridge section of CIR-S1 have more depleted compositions than basalts from the present-day spreading axis. Basalts from near the present-day axis have similar compositions to those at the present-day spreading axis, whereas basalts distal from the spreading axis are more depleted. This suggests that the source mantle beneath the CIR-S1 area was more depleted during formation of the offridge basalts in this area compared with the source mantle for more recent (and present-day) basalts.
Although basalts from the Knorr Seamount are significantly enriched when compared with those from the presentday spreading axis, the REE compositions of these seamount basalts provide no lines of evidence of a hotspot influence. Interaction between the Reunion hotspot and CIR segments to the south of 20 S has been proposed by Murton et al. (2005) . However, plotting these data on the geochemical discrimination between plume-related and N-MORB/continental magmas of Fitton et al. (1997) indicates that basalts from the southern CIR, including basalts to the south of 20 S as reported by Murton et al. (2005) , do not show any plume or hotspot influence (Fig. 13.6 ). He) of basaltic glasses sampled during the YK05-16 cruise by the Shinkai 6500, and these basalts have R A values well within global MORB variations (7.9 R A vs. 8 AE 1 R A for global MORB). In comparison, the majority of basalts around the RTJ, including a segment within the southeast Indian Ridge, have slightly higher He isotope ratios (~8.4 R A ; Kumagai and Kaneoka 2005; Nishio et al. 1998 ). This indicates that basalts from the Knorr Seamount are not hotspot-related. Furthermore, Hirahara et al. (2007) reported Sr-Nd isotope compositions of basalts from the Knorr Seamount that were sampled during the YK05-16 cruise by the Shinkai 6500; these data indicated that the basalts of the Knorr Seamount were probably sourced from a region containing a mix of depleted MORB mantle (DMM) and recycled ancient oceanic crustal material. Fitton et al. (1997) ); N-MORB that is free of plume-or hotspot-influence plots beneath the Iceland array. MORB from the CIR to the north of 20 S (Murton et al. 2005) plots within the array and is therefore considered to have interacted with plume-related material (Murton et al. 2005) , whereas MORB from the CIR to the south of 20 S (Murton et al. 2005) and from the southern part of the CIR, including from the Knorr Seamount (this study), plot beneath the array, indicating that these basalts are free of any plume or hotspot influence
Distribution of Depleted and Enriched Mantle
Calculated pressures (i.e., depth) at which melts were fully equilibrated with mantle material or where melts were produced do not change significantly between basalts from segments of the southern CIR (from CIR-S1 to CIR-S4, including the off-ridge area of CIR-S1 and the Knorr Seamount). However, these basalts have distinct trace element compositions, suggesting that the mantle beneath the southern CIR is laterally heterogeneous, with compositional variations present within mantle material at a given depth. Price et al. (1986) used isotope systematics to determine that depleted components within Indian Ocean MORB are not isotopically homogeneous due to the effects of contamination with different amounts of an ancient (Dupal) component. Recent research into trace element variations in MORB samples from near the RTJ suggests that these variations can be explained by variable contamination of a depleted MORB source mantle by small amounts (up to~1 %) of lower continental crust-derived melt ).
This two-component model, consisting of a large volume of depleted source mantle and a small volume of ancient enriched component, indicates that MORB compositional variations along the southern CIR (from CIR-S1 to CIR-S4) may relate to changes in the degree of mixing between these components. The source mantle beneath the segments between CIR-S1 and CIR-S3 may be compositionally homogeneous, with this mantle representing the proposed mix of voluminous depleted and minor enriched components. In comparison, the off-ridge depleted MORB within the CIR-S1 segment may have been sourced from only the depleted portion of this heterogeneous mantle, whereas basalts from the Knorr Seamount may have been sourced from a region of the mantle that contained an increased amount of the enriched component.
Implications for Tectonic Development of the Southern CIR
An oceanic core complex (OCC), known as 25 S OCC, is exposed along a detachment fault to the west of the northern CIR-S1 , with another OCC containing troctolites, olivine gabbros, and dunites reported to the east of the KHF . These OCCs are considered to represent massifs associated with nontransform offsets (NTOs). Observations during recent submersible dives, sample recovery by dredging, and geophysical investigations (Okino et al. Chap. 11) have identified another NTO massif that contains mantle peridotites. The location of this NTO along the segment boundary between CIR-S1 and CIR-S2 suggests that this area has undergone a significant temporal and spatial variation in melt supply, with small amounts of melt supplied during the formation of these NTO massifs.
The formation of the 25 S OCC was initiated at the southern inside corner of CIR-S2 during the Matuyama reversal polarity chron (Sato et al. 2009) . A geophysical reconstruction indicates that the majority of the NTO massif, including the 25 S OCC, formed after either the BrunhesMatuyama boundary or the Jaramillo event (Okino et al. Chap. 11) . Therefore, the mantle between CIR-S1 and CIR-S2 may have changed to a more depleted composition, producing the off-ridge basalts in the CIR-S1 area, with present-day mantle beneath the spreading axis being more enriched, producing N-MORB-type basalts at that time.
It is known that the volcanism occur at off-ridge area, and recently large lava fields erupted two to several hundred kilometers off the fast-spreading East Pacific Rise are recognized (Geshi et al. 2007; Umino et al. 2008) . The formation age of basaltic rocks from the off-ridge area of the CIR-S1 segment is not clear because no analyses of age determination were performed. The magnetization distribution along the CIR-S1 segment is mostly symmetry (Okino et al. Chap. 11) . Therefore, it is plausible that basaltic rocks from the off-ridge area of the CIR-S1 segment might be formed at the ancient spreading center unlike the East Pacific Rise.
Summary
We investigated the petrology and geochemistry of MORB in segments CIR-S1 to CIR-S4 within the southern part of the CIR, with the aim of constraining the lithological distributions. Our findings are summarized as follows.
(1) MORB from segments CIR-S1 to CIR-S3 have N-MORB-type compositions, and calculated primary melt compositions indicate that the basaltic melts from which these MORB formed, equilibrated with mantle olivine at a pressure of 10 kbar. Particularly, MORB from the CIR-S1, CIR-S2, and CIR-S4 segments derived directly from the primary melts with only minor fractionation. (2) The trace element compositions of MORB from segments CIR-S1 to CIR-S3 are typical of N-MORB compositions, whereas basalts from the CIR-S4 segment are slightly depleted, indicative of the depletion of the source mantle beneath this segment. Off-ridge basalts from segment CIR-S1 are more depleted than any other MORB within the southern CIR. (3) MORB from the Knorr Seamount is enriched but has not significantly interacted with hotspot-derived materials, as supported by previous isotope analysis (He, Sr, Nd). It is likely that the enriched magmas within this seamount relate to differences in the abundance of enriched components within the mantle source for these magmas, rather than the introduction of any plume-related components. (4) The presence of depleted MORB within the off-ridge section of the CIR-S1 segment indicates that the ancient (i.e., at least as old as the Matuyama reversal polarity chron) source mantle along the boundary between the CIR-S1 and CIR-S2 segments was highly depleted.
